The extreme high body weight-selected mouse line DU6i is a polygenic model for growth research, harboring many small effect QTLs. We dissected the genome of this line into 19 autosomes and the Y chromosome by the construction of a new panel of Chromosome Substitution Strains (CSS). The DU6i chromosomes were transferred to DBA/2 mice genetic background by marker-assisted recurrent backcrossing. Mitochondria and the X chromosome
INTRODUCTION
Body weight at different stages of development and changes in weight between these growth stages are complex traits. As such, they reflect the effects of a complex net of gene actions under the influence of the environment. Crossbred populations have been widely used for the mapping of quantitative trait loci (QTLs) influencing body weight and composition in polygenic mouse models (BROCKMANN and BEVOVA 2002) . In order to identify genetic components underlying high body weight and growth, we have explored the genetically unique, extremely large and fat mouse line DU6i. This line is an inbred derivate of DU6 which has been selected for high body weight at the age of 42 days when animals have finished the period of fastest growth. Animals of this line differ from the unselected control by over 100% in body weight and 300% in fat accumulation. To our knowledge, DU6 is the largest selected mouse line worldwide and therefore represents a unique resource for mapping growth genes (BUNGER et al. 2001) .
Recent genetic studies in the intercross population DU6i x DBA/2 have led to the identification of QTLs with effects on body weight, obesity, and muscle weight on 11 chromosomes (BROCKMANN et al. 2000) . Additional loci were mapped for factors, which are involved in the regulation of body weight, namely leptin, insulin, IGF-I, and IGF-binding proteins. The contribution of every single QTL to the phenotypic variance was generally small, accounting for 2-6% of the observed phenotypic variance, except a QTL on chromosome 7 accounting for 12.3% of the phenotypic variance. The direct effects of all QTLs accounted for one third of the phenotypic variance of body weight and fat accumulation in the F 2 population of DU6i x DBA/2 mice, another third was explained by epistatic effects (BROCKMANN et al. 2001 ).
Linkage analysis using F 2 intercross progeny can resolve the position of a QTL to a region of about 20 cM (FALCONER and MACKAY 1995) . To obtain a more precise location and a higher resolution of QTL effects which would allow for the identification of putatively multiple genes influencing the trait in an identified QTL region requires different breeding strategies.
These include the construction of recombinant inbred strains (BROMAN 2005) , recombinant congenic strains, congenic strains, advanced intercross lines and chromosome substitution strains (CSS) (DARVASI 1998; NADEAU et al. 2000) . CSS have a single chromosome from a donor strain substituting for the corresponding chromosome of a recipient strain. The generation of CSS is particularly useful if many small effect genes account for the phenotypic variance of a population. In such cases fine mapping by congenic strains is difficult because a high number of animals have to be produced to detect possibly small effects of the genes which is a prerequisite for the subsequent selection decision to generate the congenic strains.
CSS have the advantage that small effects on a chromosome are extremely unlikely to be lost because the selection decision for the generation of the subsequent generation bases solely on the genotype information. Furthermore, these strains are a validated source for fine mapping as the background is homogeneous.
So far genome-wide CSSs have been generated to study polygenic traits of the inbred mouse strain A/J on the genetic background of C57BL/6 J (NADEAU et al. 2000) . Recently, these homozygous CSS have been phenotyped to show chromosome-wise effects on many traits (SINGER et al. 2004) . We are constructing CSS for the high body weight selected mouse line DU6i, which is a model for polygenic body weight. From an initial cross of one DU6i male with three DBA/2 females nineteen autosomes and the Y chromosome of DU6i have been transferred to the background of the inbred line DBA/2. Here we report the results of the analysis of the recurrent backcross data from more than 4,000 animals, which have been generated, phenotyped and genotyped during the construction of CSS. The unique data gathered during the construction of CSS enabled us to analyze heterozygous carriers of the substituted chromosome. This approach allows estimation of complete or partial dominance 5 or even heterosis effects (that is the effect that heterozygous animals have more extreme phenotypes than either homozygous genotype) which has been detected in the QTL-mapping study in the DU6i x DBA/2 F 2 population (BROCKMANN et al. 2000) . Furthermore, heterozygous DU6i carriers in the pedigree allowed the analysis of paternal and maternal parent-of-origin effects of the transferred chromosomes.
MATERIAL AND METHODS

Mouse lines and husbandry:
The study was carried out with the mouse line DU6i, which is an inbred derivate from the line DU6 after 78 generation of selection. Line DU6 has been selected for high body weight from the base strain Fzt:DU which is a systematic cross of four outbred (NMRI orig., Han: NMRI, CFW, CF1) and four inbred lines (CBA/Bln, AB/Bln, C57Bln/Bln, XVII/Bln) (BUNGER et al. 2001; SCHÜLER 1985) . The age of selection was 42 days for all generations. The population size during selection was 80 pairs per generation; the litter size was standardized to nine. Offspring were weaned at the age of 21 days.
Mice of the strain DBA/2 OlaHsd (Harlan Winkelmann GmbH, Borchen, Germany) were used as a contrast strain for the construction of CSS. Recently this line has been used for the mapping of QTL in the cross DU6i x DBA/2 (BROCKMANN et al. 2000 , BROCKMANN et al. 2001 ).
All experimental animals were kept in polyvinyl chloride cages with 255 cm² floor space.
Mice were housed in a semi-barrier system under conventional conditions in a windowless mouse laboratory. Air was exchanged 12 times per hour and coarsely filtered (no bacterial filter). The room temperature was 22.5 + 0.3 o C and relative humidity was between 50 and 60%. The light cycle was 12 hours light: 12 hours dark. All incoming materials or persons were sterilized or disinfected. Animals were fed ad libitum with a breeding diet containing 12.5 MJ/kg metabolic energy with an average content of 22.5% crude protein, 5.0% crude fat, 6 4.5% crude fiber, 6.5% crude ash, 13.5% water, 48% N-free extract, vitamins, trace elements, amino acids, and minerals (Altromin diet 1314, Lage, Germany).
Animals were mated at the minimum age of six weeks. Most matings were carried out between 8 and 9 weeks. Following successful mating, females were housed separately and checked daily for litters. Litters were not standardized at birth. All offspring were weaned at about three weeks of age or later if they were too small. At weaning, individuals were given ear marker identification and separated by sex to prevent sib mating. A tail tip of about 0.5 cm was cut from every mouse at the age of 21 days and frozen at -20 o C for subsequent DNA preparation and genotyping.
Pedigree design: The construction of CSS based on recurrent backcrossing of animals carrying DU6i genome to DBA/2 as a recipient strain. Initially, one DU6i male was mated to three DBA/2 females. Subsequently, the F 1 males were crossed back to female DBA/2 mice.
This cross allowed the transfer of the DU6i autosomes and the DU6i Y chromosome, but not the mitochondrial genome or X-chromosome of the DU6i line. Therefore, all generated individuals carried the mitochondria and X-chromosome of the DBA/2 recipient strain.
Beginning with the first backcross generation (BC 1 ) animals harboring a non-recombinant chromosome of interest from line DU6i, as assessed by microsatellite markers, were selected for mating to produce the subsequent generation. Repeated backcrosses to strain DBA/2 reduced the portion of the donor genome and increased the portion of the recipient genome.
In this analysis, we used animals from generations F 1 to BC 8 . with a modified standard PCR protocol (BROCKMANN et al. 1998) . The amplifications were carried out in 96-well microtiter plates on a DNA thermal cycler (Biometra®, Germany).
Phenotyping
PCR fragments were labeled by either IR 700 or IR 800 using 5'-labelled M13 primers. After PCR reaction, stop-loading buffer was added and plates with the dyes IR 700 and 800 were pooled using the automatic microdispenser Quadra 96 (Tomtec, Hamden, CT, USA). PCR products were visualized using automatic fluorescent detection with the IR2 System (LI-COR Inc., Lincoln, NB, USA). Probes were separated on 25 cm long 6.5% polyacrylamid gels. All genotyping results were scored twice and runs were repeated when there were discrepancies between reads. The QTL coefficients (the probability of DU6i line origin of chromosomal segments) were calculated with Loki-QTLc v. 1.03 (AULCHENKO et al. 2002) . This software uses all pedigree information available for computation of QTL coefficients, which becomes essential if genotypes of some animals are missing. We ran a Markov-Chain Monte Carlo (MCMC) with a relaxation period of 10,000 steps and effective 10,000 steps. To ensure convergence, we ran two independent chains for every chromosome. Only one of them was used for the analysis, while the second was used to confirm the reliability of the first analysis. The QTL coefficients were calculated at the ends of a chromosome, at marker positions, at one position between adjacent markers, and between the end of the chromosome and the first or last marker. The chromosomal heterozygosity (the probability that one of the chromosomes came from DU6i) was estimated as average of the QTL-coefficients along the chromosome.
The chromosomal effects on a trait of interest were estimated using Multiple Linear Regression (MLR). The trait value was regressed onto the chromosomal heterozygosity. All chromosomes were included in the analysis simultaneously, to avoid spurious effects in a situation when several chromosomes were segregating together. We also considered fixed following procedure was applied: Ten thousands of replicas were generated from the original data set by sampling with replacement using the "sample" procedure of R. These were reanalyzed and the proportion of times (p i ) the i-th regression coefficient was more then zero was recorded. The bootstrap P-value for an i-th coefficient was estimated as min[2p i ,2(1 -
Also within the MLR framework, the sex by chromosome interaction was tested by assessing the significance of the differences of chromosomal effects in both sexes. A similar procedure was applied for testing the parent-of-origin effects: the difference between the effects of chromosomes that have been inherited from the father or the mother was estimated with MLR.
In our testing procedure, we first tested if the total effect (of chromosome substitution, sex by chromosome interaction or parent-of-origin) was significant. This led us to the test on 20 degrees of freedom (d.f.) for the test of total significance of effects of autosomes and Ychromosome and to a 19-d.f. test in case of sex-by-chromosome or parent-of-origin effects. If the total effect was significant, we considered the individual effects, which were tested with 1 d.f. to be significant if the individual P-value was below 0.05.
The summary (net) direct effects and effects of chromosomes by sex and chromosome by parent-of-origin were characterized by the sum of individual effects. The standard error of the summary estimate was obtained using the complete variance-covariance matrix for the effects to be summarized.
A standard measure applied to characterize the effect of a genetic factor is the percent of variance explained by variation of this factor in the experimental population. This measure cannot be applied to characterize a factor in a recurrent backcross, because it represents a series of experimental populations. For the purpose of comparison with other studies, we report the percent of variation explained in the population of our first backcross.
As outcome variable, we analyzed body weight at 21 days (BW21), 42 days (BW42) and 63 days (BW63). We assessed body weight gain between as the difference in body weight between the maturity (42 days) and juvenile (21 days, end of weaning) phases (BWG21.42).
Since we were interested in discovering genes acting in this period only the weight at 21 days was included into the model as a covariate. Thus, by studying this trait we studied the growth from juvenile to maturity, which cannot be explained by baseline weight at 21 days. We also studied the difference between the weight at 63 and 42 days, with weight at 42 days as covariate. This trait characterizes the growth from maturity to adulthood (BWG42.63).
RESULTS
Effect of fixed factors:
The two mouse lines DU6i and DBA/2 differed in body weight of males by a factor of 2.8, 4.1 and 3.5 at the ages of 21, 42 and 63 days, respectively (Figure 1 ).
The differences between the two lines result from direct genetic effects of loci and their interaction.
We have characterized 4166, 3235 and 2358 animals for body weight at 21, 42 and 63 days, Table 2 ). The sex differences in weight gain between day 21 and day 42 were maximal at generation F 1 and decreased steadily with later backcrosses. For body weight at the age of 63 days we detected significant differences between females and males in all generations except F 1 . Also, from day 42 to day 63 the males were gaining significantly more weight then females. The difference between males and females in body weight gain from 42 to 63 days was almost constant across all generations.
We confirmed these results with a Multiple Linear Regression (MLR) using sex and generation as fixed effects: there was no significant effect of sex on BW21 (P>0.1), while the effect of sex on weight at 42 and 63 days and weight gain at both periods was highly significant (P<0.0001).
Starting with an MLR including generation and sex as predictor variables, we added other fixed effects. For BW42, the trait DU6i was selected for, we found also significant effects of season (with highest weight at summer and lowest in winter), year of birth (the weight was lower for later years) and litter size. 
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We also observed a switch of the effect of chromosome 17 between pre-and post-weaning periods: the DU6i chromosome led to lower weight at 21 days, but, at later ages the DU6i chromosome acted weight-increasing. The total effect of all DU6i chromosomes was significantly positive (Table 1) . Our main findings did not change when we applied bootstrap for the significance testing (supplementary Table 3 ).
Sex by chromosome interaction:
We tested if the sex modified the effect of chromosomes ( For weight gain from day 21 to 42, we detected that chromosomes 2, 9, 11 and 17 acted differently in males and females. The effects of chromosomes 2 and 9 were not significant in females, while males had significant positive effect. The effect of chromosome 17 was almost three times larger in males as compared to females. The situation was opposite for chromosome 11. In total, the summary effect of sex by chromosome interactions led to weight increase of more than 6 g in male carriers of DU6i chromosomes as compared to female carriers. This sex-specific action of the genes might underlie the sex differences in weight gain between 21 and 42 days. We did not detect significant effects of sex by chromosome interaction for these chromosomes on weight at 42 days; the summary chromosomal effect, though, was highly significant and consisted of 6.4 g ( Table 2 ). The analysis of body weight gain from 42 days to 63 days revealed more sex by genotype interactions. Significant sex effects were found on chromosomes 4, 8 and 14. Again, males gained significantly more than females (summary effect of chromosomes 4, 8, and 14 was 2.9 g). The sex-specific effects of these chromosomes were also significant for body weight at 63 days. Interestingly, when sex-specific effects were included in the analysis, the effect of the Y-chromosome stayed significant only for early stages (body weight at 21 days, P=0.008, and body weight gain from 21 to 42 days, P=0.015, Supplementary Table 4) .
Parent-of-origin effects:
For all traits, except body weight gain from 42 to 63 days, we detected that the total effect on body weight was dependent on whether the DU6i chromosomes were transmitted from mother or father (total significance test at 19 d.f., all P<0.0001). In BC 1 generation the variance explained by chromosomes and parent-of-origin effects was 22.3, 18.3, 17.7, 16 .8 and 15.3% of variation of BW21, BWG21.42, BW42, BWG42.63 and BW63, respectively. As expected for parent-of-origin effects, the proportion of the variance explained by these effects was highest at weaning and decreased with age, unlike direct chromosomal and sex by chromosome interaction effects, where the proportion of variance explained remained more or less constant with the age.
Specifically at the age of 21 day significant parent-of-origin effects were found for chromosomes 3, 5, 8 to 12, 14 to 16, and 19 (Table 3, supplementary Table 5 ). All these chromosomes, except chromosomes 9 and 14 had significant effects only when inherited maternally. Chromosome 14 had significant effect only when inherited paternally. The effects of maternally inherited DU6i chromosomes 5, 10, 11, and 19 were negative. The effect of DU6i chromosome 9 was significantly negative when transmitted from the father and significantly positive when transmitted from the mother.
The parent-of-origin effects, which were identified on chromosomes 9 to 11 at the age of 21 days, were also seen at 42 and 63 days. The effects of chromosomes 8, 15 and 16 were found until the age of 42 days. The pattern of action was the same at all ages, as expected.
Parent-of-origin effects of chromosomes 1, 8 and 11 influenced body weight gain from 21 to 42 days. The effect of chromosome 11 was also found for body weight gain between 42 and 15 63 days. The summary effect of parent-of-origin was significant for body weight at 21 days.
Animals with DU6i chromosomes transmitted paternally had about 2 g less weight as compared with the maternal transmission (P=0.015). However, paternally transmitted DU6i chromosomes determined an increase of body weight gain from 21 to 42 days by almost 6 g as compared to maternal transmission. The summary effect was not significant at other stages.
Thus, according to our data it seems that parent-of-origin effects acted preferentially at early stages of development (pre-weaning and to much less extent from 21 to 42 days). The effects observed on weight at 42 and 63 days look like the consequence of the effect on weight at 21 days.
DISCUSSION
We have analyzed a pedigree generated from an extensive recurrent backcross between the extremely high growth-selected mouse line DU6i and the inbred line DBA/2. The unique population consisted of heterozygous carriers of DU6i chromosomes and animals homozygous for DBA/2 chromosomes. This population allowed the study of direct chromosomal effects, which are the net effects of all genes contributing to body weight regulation on a substituted chromosome and which could be additive effects, dominance or even overdominance (heterosis). Furthermore, the population structure facilitated the analysis of parent-of-origin effects, as we were able to distinguish between DU6i chromosomes, which were transmitted paternally and maternally. The large number of over 4000 animals increased the power to detect direct chromosomal effects as well as effects of chromosomal interaction with sex and parent-of-origin.
In our study, we first tested the global significance and then presented the individual chromosomal effects that demonstrated nominal P values of 0.05 or less. As three models were evaluated on five traits, we performed multiple testing. Therefore, while many effects we report are real, some of them may be false positives. However, the correction for multiple testing is not straightforward in our case as both, traits and model parameters, are far from being independent. As we want to report all potentially biologically important effects, we have chosen this relative relaxed procedure. We must emphasize, however, that many of our results would pass even most stringent and conservative Bonferroni correction.
In our present study we found that almost all DU6i autosomes (except chromosomes 9, 10 and 12) contributed directly to body weight regulation at the age between 21 and 63 days.
Direct effects on body weight were also found for the Y chromosome, which has not been assessed by our previous QTL study in an intercross population. Although we detected that chromosomes 1, 3, 7, 8, 13, 15, 16 and 17 acted throughout all stages, their effects were changing with age. Other chromosomes acted age dependent. We found nine chromosomes with increasing and two chromosomes with decreasing effects on body weight at 21 days.
Eleven chromosomes promoted weight gain during the early post-weaning period (21 to 42 days). Only six chromosomes did not affect body weight at 42 days, the age when animals of the DU6i line were selected. At the period from puberty until adulthood (42 to 63 days), animals carrying chromosomes 2, 4, 5, 11, 14, and 17 of DU6i origin gained weight significantly better. Only chromosomes 6, 9, 10, 12, 18, and 19 did not influence body weight at 63 days. Interesting results were obtained for chromosome 17, which exhibited antagonistic effects at different stages.
Previous linkage studies in the F 2 pedigree DU6i x DBA/2 have identified genomic regions responsible for the drastic phenotypic differences in body weight at 42 days between these lines on chromosomes 1, 4, 5, 7, 9 and 11 to 13 (BROCKMANN et al. 2000) . The genetic effects were additive and positive for the DU6i allele. In our present study, we confirmed the highly significant effects on chromosomes 1, 5, 7, 11, and 13, but the effect of chromosomes 9 and 12 could not be detected. The QTL effect on chromosome 4 was only seen at 63 days and for weight gain in the present study. The body weight enhancing effects of chromosomes 2, 3, 6, 8, and 14 to 19 were not detected in the linkage analysis.
Differences between the present comprehensive analysis of the dissected genome and our previous QTL-mapping study may result from the estimation of direct effects of whole chromosomes versus chromosomal parts and the loss of favored allelic interactions which might occur in the selection line DU6i. Furthermore, it is important to realize that the present study had no power to detect recessive DU6i chromosomal effects, as animals homozygous for DU6i chromosomes were not presented in the analyzed backcross population.
Linkage analyses estimate most likely positions and effects of QTLs and neglect nonsignificant effects of other parts of the chromosome. In the present study, the overall net effect of all genes located on a given chromosome was estimated for each chromosome. The total effect of all DU6i autosomes and the Y-chromosome was 15.68 g at the age of 42 days.
This effect was 6.38 g lower than expected by total additive effects (half of the difference between parental strains DBA and DU6i). As our previous linkage analysis did not reveal a significant effect of the X chromosome on body weight we assume that epistatic effects contribute to growth at 42 days. In our QTL study, epistatic effects account for about one third of the phenotypic variance of body weight at 42 days within the analyzed F 2 population (BROCKMANN et al. 2000) .
Our results on age dependent growth regulation are consistent with the findings that growth in rodents appears to occur via two general physiological mechanisms that act at different life stages (FALCONER 1953) . Quantitative genetic studies indicated that individual genes may have opposite pleiotropic effects on early and late growth. It was shown that genes causing relatively fast early growth may also cause slower later growth (CHEVERUD et al. 1983; LEAMY and CHEVERUD 1984; RISKA et al. 1984) . The early growth effects tend to taper off at the age of six weeks. Indications for changing patterns of QTL expression with age were 18 found in the mouse crosses LG/J x SM/J (CHEVERUD et al. 1996; VAUGHN et al. 1999 ) and DBA/2 x NMRI (BROCKMANN et al. 2004) . It was shown that two distinct sets of genes affect growth and body weight, with one set affecting early growth and another set affecting later growth.
Our large backcross population enabled us to search for sex and parent-of-origin specific effects. Although the net sex-specific effects of DU6i chromosomes on body weight was not significant between males and females at 21 days, at later ages, sex-specific chromosomal effects significantly affected both body weight and weight gain, with DU6i chromosomes acting significantly more weight-promoting in males. Obviously, the difference between sexes becomes very important between days 21 and 42, when animals have finished the period of fastest growth and are post pubertal. This is in agreement with the fact that we did not detect an effect of sex on weight at 21 days, but at later ages. For weight gain between 21
and 42 days, chromosomes 2, 9 and 17 were acting almost exclusively in males. For weight gain between 42 and 63 days, chromosomes 4, 8 and 14 showed significant interaction with sex and had a significant effect on weight when expressed in males. From our findings we conclude that genes on chromosomes 2, 9, 17 and 4, 8, and 14 may form the genetic basis of weight differences between sexes, in particular for the higher weight of males in comparison with females. The role of the large positive effect of chromosome 11 in females on weight gain at the age between 21 and 42 days remains open. The present analysis of single chromosomal effects was much more powerful for the identification of sex specific additive and dominance effects than our previous QTL study, where we did not detect significant sex specific QTL effects (BROCKMANN et al. 2000) . So far, sex specific effects were preferentially found in QTL studies for obesity traits, in particular in the analysis of fat accumulation (BROCKMANN et al. 2004; TAYLOR et al. 1999; TAYLOR et al. 2001) . Therefore, we expect to identify even more sex-specific effects when chromosomal effects on fat deposition in the CSS lines will be analyzed.
We observed large parent-of-origin effects on early growth that also had an effect on body weight at later ages. The parent-of-origin effect may be explained by genetic imprinting, or by metabolic imprinting during fetal or postnatal development, which may have long-term effects on growth regulation. It is well known that imprinting is important in genes regulating body weight in mouse (CATTANACH 1986; CATTANACH and BEECHEY 1990) . Currently, more than 40 imprinted genes have been identified in human and mouse (MORISON et al. 2001 ).
Significant variance components (up to 22% of the total phenotypic variance) due to paternally expressed genes were found for example in young bulls (ENGELLANDT and TIER 2002) . In our study, chromosome 9 was found to have a negative effect on body weight when inherited paternally and a positive effect when inherited maternally. The opposite effect of this chromosome was shown previously (CATTANACH and BEECHEY 1990) . Furthermore, we also detected that the summary effect of DU6i chromosomes on weight at 21 days was lower when inherited paternally as compared to maternally. A switch of the effects occurred at later stages. Concluding from our data, the parent-of-origin of a chromosome has a large effect on body weight, especially at early stages of development.
The results obtained in this study provide a partial chromosomal dissection of the complex traits body weight and growth. The exact identification of the contribution of single chromosomes and regions on body weight and growth rate in mice is an important step to better understand the net of genetic factors that are involved in the regulation of body weight.
Our paper provides one of the few examples of using multi-generation recurrent backcross data for estimation of chromsomal effects. Moreover, the Markov Chain Monte Carlo (MCMC) technique applied to estimate the proportion of founder line genomes at a chromosome is relatively new (AULCHENKO 2002) . MCMC methods have been used before for a long time to estimate genomic sharing in the framework of human genetics (HEATH 1997; SOBEL and LANGE 1996) and have proven to lead to consistent results. The methods for the estimation of chromosome-specific effects that we have applied in our analyses have not been tested via simulation. Therefore, the magnitudes of the estimated effects may be subject to some bias. The confirmation of the obtained results requires the analysis of the final CSS panel.
Our results also shed light onto the mechanisms of selection, which may be important in future selection experiments and livestock improvement. The established mouse lines are a valuable source for further analyses of additional phenotypic measures related to body composition traits and for the generation of congenic lines. From a systematic screen for genetic interaction between genomic regions by statistical tests there are hints on epistatic effects influencing body weight and growth (BROCKMANN et al. 2000 (BROCKMANN et al. , 2004 . Therefore, the CSS lines are particularly valuable for the targeted examination of interaction between chromosomes. The effect is the estimated substitution effect of the DU6i chromosome vs. the DBA/2 chromosome in (g).
The P-value is given for the comparison between animals, which are carriers of DU6i chromosomes vs. DBA/2 animals.
P-values from bootstrapping can be found in Supplementary Table 3 online. s.e. standard error.
The effect is the estimated effect of the DU6i chromosome vs. DBA/2 chromosome in males and females.
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The P-value is given for the comparison between male and female carriers of DU6i chromosomes.
P-values from bootstrapping can be found in Supplementary Table 4 online. s.e. standard error.
The effect is the estimated effect of the DU6i chromosome transmitted by either the male or female parent.
The P-value is given for the comparison between offspring, which received the DU6i chromosome from either the mother or the father.
P-values from bootstrapping can be found in Supplementary Table 5 online. Black bars -body weight of DU6i males (mean ± s.e.)
Gray bars -mean body weight of DBA/2 males (mean ± s.e.)
Black striped bars-mean body weight of DU6i females (mean ± s.e.)
Gray striped bars -mean body weight of DBA/2 females (mean ± s.e.) FIGURE 2. Body weight at different backcross generations (mean + s.e.).
BW21 -body weight at the age of 21 days, BW42 -body weight at the age of 42 days, BW63 -body weight at the age of 63 days. 
